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The synthetic double-stranded RNA, poly- 
ri boinosinic-pol yriboc y t id ylic acid ( poly 
Ir:Cr),  has been show to be a potent inducer 
of interferon (1). Animals treated with poly 
1r:Cr have been shown to exhibit high levels 
of circulating interferon and thus were shown 
to be protected against the lethal effects of 
several non-oncogenic and oncogenic viruses 
(1, 2 ) .  Poly Ir:Cr has also been reported to 
induce antitumor activity in mice against 
several viral and nonviral induced transplan- 
table tumors (3 ,  4).  The mechanism by 
which poly Ir:Cr induces antitumor activity 
in mice is not known, but is not thought to 
be attributable solely, if a t  all, to interferon 

Braun and Nakano reported that com- 
plexes of polyadenylic-polyuridylic acid 
(poly A:U) , enhanced the early rate of in- 
crease in number of antibody-forming spleen 
cells in mice immunized with sheep erythro- 
cytes ( 5 ) .  This observation clearly estab- 
lishes the adjuvant activity of poly A:U in 
mice. This report concerns the ability of poly 
Ir:Cr to induce a state of immunological 
hyperresponsiveness in mice. 

Materials and Methods. Mice. Adult 
CS7B1/6 male and female mice, 6-10 weeks 
old, between 20-25 g ,  were obtained from the 
animal production section of the National 
Institutes of Health. Although this is an 
isogenic strain, the female of this strain re- 
jects an isograft from maIe donors. This re- 
jection is thought to be due to a histocompa- 
tible antigen (H-Y transplantation antigen) 
present in male skin which is determined by 
a locus on the y chromosome (6) .  Mice of 

(3 ) .  

1 This investigation was supported, in part, by NCI 
Public Health Service, Contract PH-43-66-887, at Mi- 
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the same age were employed for antibody 
production and isograft studies. 

Grafting technique. The grafting technique 
employed in this study is essentially the 
same as that employed by Howard et al. ( 7 ) .  
Briefly, tail skin grafts from CS7Bl/6 male 
mice were placed on the thoracic wall of 
female CB7B1/6 mice and covered with Vase- 
line-impregnated gauze and a plastic cast. 
Casts were removed 7 days after grafting and 
the grafts were inspected daily for signs of 
rejection. Grafts were considered to be reject- 
ed a t  the first signs of hemorrhage or indura- 
tion. 

Poly I,.:C,. Polyri boinosinic-pol yri bocy t i- 
dylic acid was purchased from Grand Island 
Biological Company (Gibco) , Grand Island, 
New York. A stock concentration of poly 
1r:Cr containing 10 mg/ml was stored a t  4 O  
and diluted in phosphate buffered saline 
(PBS),  pH 6.0, to obtain the desired concen- 
tration of poly I,.:C,. to be used in the experi- 
ments. 

Antigen. Sheep red blood cells (S-RBC) 
obtained commercially from Microbiological 
Associates, Inc., Bethesda, Md., were washed 
three times in 0.85% NaCl, resuspended in 
saline, and standardized photometrically to a 
concentration of 5 x 10s cells/ml. Mice were 
immunized by intraperitoneal inoculation of 
l@ sheep cells in a 0.2-ml volume. 

Hemolytic antibody titration. Mice were 
bled a t  various intervals following immuniza- 
tion with S-RBC. Individual serum samples 
were obtained from 5 to 8 mice/time interval, 
heat inactivated a t  56" for 30 min and stored 
a t  -20" until titrated. The titer of hemolytic 
antibody in each serum sample was obtained 
by modification of the method described by 
Taliaferro and Taliaferro (8). Briefly, serial 
twofold dilutions of serum, 1:25 through 
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1:1600, in 0.5-ml volumes were made in 
Veronal buffered saline (pH 7.3-7.4). An 
equal volume of 2% S-RBC was added to 
antiserum dilutions and allowed to stand at  
room temperature for 15 min for sensitiza- 
tion. Six-tenths ml of sensitized S-RBC was 
added to tubes containing SC'50H units of 
guinea pig complement in 0.3-ml volume 
and 0.6 ml of Veronal buffered saline (VBS). 
Tubes were shaken and incubated a t  37' for 
30 min. Five-tenths ml of VBS was added to 
each tube and tubes were then centrifuged at  
lOOOg for 10 min. Photometric reading of 
each tube a t  a wavelength of 500 mp were 
taken on a Coleman Jr. photometer and com- 
pared to the photometric reading of a 1010% 
hemolysis blank to determine the percentage 
hemolysis. Percentage hemolysis vs. dilution 
of serum were plotted on probit graph paper 
to determine the titer of hemolytic antibody. 
The hemolytic antibody titer is expressed a t  
the number of 50% hemolytic units (HBO)/ml 
of serum. The peak titer of hemolytic anti- 
body consistently occurred 7 days after im- 
munization with S-RB C. 

Statistical methods. The p values were ob- 
tained by comparing each treatment group 
with control group by the t test (9)  and 
Wilcoxon-Mann-Whitney test (10). The 
confidence intervals for the median were ob- 
tained by a method described by Dixon and 
Massey ( 11 ) . 

Results. Sheep red blood cell hemolytic 
antibody formation in mice treated with poly 
1,: Cr. Mice were inoculated intraperitoneally 
with a dose of 200 pg of poly 1r:Cr 
a t  different time intervals before and after 
S-RBC immunization. Data in Fig. 1 show 
that 7 days after immunization all the regi- 
mens of poly 1r:Cr treatments employed re- 
sulted in the formation of increased titers of 
S-RBC hemolytic antibodies over S-RBC con- 
trols. The most significant enhancement of 
hemolytic antibody titer ( 3  .l-fold) over con- 
trols occurred in mice simultaneously inocu- 
lated with poly 1r:Cr and S-RBC. The in- 
creased titers which occurred a t  7 days were 
not reflected in any marked earlier appear- 
ance of higher titer of antibodies, nor were 
the titers maintained significantly higher a t  
1 5 days. 

TABLE I. The Effect of Treatment of Mice with 
Various Doses of Poly I, :C, on Hemolytic Anti- 

body Formation. 

Treatment 

Dose of Hemolytic 
poly I,. : c,. antibody" 

(pg/mouse) a Antigenb titer (H,/ml) Pd 

1 S-RBC 386 >O. lO  
10  S-RBC 592 <O.Ol  
50 S-RBC 507 <0.05 

100 S-RBC 787 < O . O O l  
200 S-RBC 728 < O . O O l  
- S-RBC 292 - 

Poly I, : C, was inoculated intraperitoneally 'in 
0.2-ml volume at time of S-REC immunization (Do). 

Mice were inoculated intraperitoneally with los 
S-RBC on Do and bled 7 days after immunization. 
' Hemolytic antibody titer represents mean of 

hemolytic antibody ti ter  of 5 mice. Standard error 
of the mean is 73.3 units, with 24 df. 

The p values were obtained by a t test. 

Eflect of treatment of mice wi th  diflerent 
doses of poly 1r:Cr  on hemolytic antibody 
formation t o  S-RBC. Since simultaneous in- 
jection of poly 1r:Cr resulted in the formation 
of the highest titer of hemolytic antibody, 
this treatment schedule was employed to as- 
certain the lowest concentration of poly 1r:Cr 
which would enhance hemolytic antibody 
formation. Results in Table I show that 
treatment of mice with 100 pg of poly 1r:Cr 
resulted in a maximum increase in titer of 
hemolytic antibodies over S-RBC controls 
(approximately 3-fold). Treatment of mice 
with 200 pg of poly 1r:Cr did not result in 
additional enhancement of hemolytic anti- 
body titer beyond that induced in mice 
treated with 100 pg of poly Ir:Cr. The results 
obtained in mice injected with 10 or 50 pg 
of poly 1r:Cr indicated that enhancement of 
hemolytic antibody formation occurred, 
which would represent a response to dose of 
poly 1r:Cr. The increase in hemolytic anti- 
body attained in mice injected with 1 pg of 
poly I, : C, was not considered significantly 
greater ( p  > 0.10) than that observed in 
control mice. The results of this study show 
that the minimum dose of poly 1r:Cr which 
will enhance hemolytic antibody titers signifi- 
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cantly higher than control values is 10 pg. 
In  subsequent studies single-stranded 

RNA, poly I,, or poly C were tested for pos- 
sible enhancing effects. Injection of 200 pg of 
either polynucleotide alone did not enhance 
hemolytic antibody formation in mice immu- 
nized with S-RBC. The findings suggest that 
only the complexed polynucleotides exhibit 
adjuvant activity in mice. 

The effects of poly I,.:C,. on isograft sur- 
vival. Female &B1/6 mice treated a t  diff- 
erent time intervals with 200 pg of poly 1r:Cr 
received grafts of tail skin from C5,B1/6 
male mice. Results in Table IT. show that the 
median survival time (MST) of control 

grafts was 23 days. Earlier rejection of skin 
grafts occurred in mice which received treat- 
ment with poly 1r:Cr. Mice which were graft- 
ed and received one treatment with poly 
1,: Cr (200 pg) on the same day rejected their 
grafts 13 days prior to controls. A similar 
response was attained in mice which received 
poly 1,: C, 10 days prior to and again on the 
day of grafting, and in mice which received 5 
treatments (D--3, D-l, Do D+2, D+7) .  The 
earlier time of skin graft rejection in these 
treated groups was highly significant ( p  < 
0.005). The group of mice which were inject- 
ed with poly 1r:Cr 10 days prior to receiving 
skin grafts rejected their grafts at  a MST 

Inoculation Schedule 

S-RBC 

DO 

DO 

DO 

DO 

DO 

, poly I, C, (200 ug/Mouse) 

4 7 10 13 15 0 

Days Post Immunization 

FIG. 1. Hemolytic antibody formation in poly I,*C,-treated mice immunized with sheep erythro- 
cytes. DO = day of sheep erythrocyte inoculation. 
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TABLE 11. The Effect of Poly I,:C, Treatment of Female C,Bl/6 Mice on the Survival Time 
of Isografts from Male C,Bl/6 Donor. 

Poly I, : C," No. of mice MSTb of graft  95% confidence inter- 
treatment schedule with graft  (days) Val for  MST of graf t  P" 

D-10 14 24 20LMST426 > O . l O  

D -10, Do 7 10  84MSTG21  <0.005 
D--3, D-I, Do, D,,, D+, 7 10 8LMST416  <0.005 
None 1 0  23 1 8 4 M S T 4 3 4  - 

DO 9 10  10LMSTL17 <0.005 

" Mice inoculated intraperitoneally with 200 @g of poly I, :C, on each day of treatment. Do = 
day of grafting, while D-lo = 10 days before grafting. 

NST = median survival time. 
The Wilcoxon-Mann-Whitney test was employed to obtain p values. 

similar to nontreated controls. The excellent 
effects achieved with the treatment of poly 
Ir:Cr, at  the time of grafting, indicates that 
one treatment was sufficient to enhance graft 
rejection. 

Discussion. The results reported herein 
demonstrate the adjuvant activities of poly 
1r:Cr in mice. These findings confirm the 
observation of Braun and Nakano that dou- 
ble stranded polynucleotides stimulate anti- 
body formation in mice to sheep erythrocytes 
( 5 ) .  In  addition, our results show that poly 
I,: C, treatment significantly reduced the sur- 
vival time of isografts in mice. Thus, the 
enhanced immunological responsiveness in- 
duced by poly 1r:Cr to two antigens, S-RBC 
and H-Y transplantation antigen (isografts) , 
show that this polynucleotide copolymer is 
capable of stimulating both humoral and cel- 
lular an tibody format ion. 

The responses achieved, when the time of 
injection and the dose of poly 1r:Cr was 
varied, were of interest. Simultaneous admin- 
istration of poly 1r:Cr and antigen resulted in 
maximum increase in antibody formation. A 
single dose was sufficient for this stimulation. 
A concentration of poly 1r:Cr as low as 10 pg 
was sufficient to significantly enhance anti- 
body formation to S-RBC. Of particular in- 
terest were the results achieved with skin 
isografts. The very early rejection of the 
grafts (10 days) indicate that a very strong 
cellular immunity was established in grafted 
mice treated with one dose of poly 1r:Cr. 

The mechanism(s) by which poly 1r:Cr 
protects mice against viral and nonviral in- 

duced transplantable tumors is, as yet, not 
clearly defined. The ability of poly 1r:Cr to 
stimulate antibody formation must also be 
considered as an important factor in the 
mechanism(s) by which poly 1r:Cr exerts its 
antitumor effects. 

Summary. Pol yriboinosinic-polyr i bocy tidilic 
acid stimulated formation of hemolytic anti- 
bodies in mice immunized with sheep ery- 
throcytes. Similarly, poly 1,: Cr treatment of 
mice resulted in a marked reduction in sur- 
vival of isografts. Temporarily, administra- 
tion of poly Ir:Cr at  the time of exposure of 
mice to antigen resulted in optimal enhance- 
ment of humoral and cellular antibody 
formation. Optimal enhancement of both hu- 
moral and cellular antibody formation was 
induced by 100-200 pg of p l y  Ir:Cr, while 
significant stimulation of hemolytic antibody 
formation was induced by a lower dose of 
10 of POIY 1,: Cr. 
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